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(51)Int.CI. 



<54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

<57)Abstract: 

PROBLEM TO BE SOLVED: To suppress short-channel effects 
and simultaneously miniaturize in the element size by a method 
wherein impurity concentration is reduced in a specified range 
by adding impurity ions to a silicon substrate from a specified 
direction. 

SOLUTION: It is possible to add impurity ions more deeply and 
with less damages by adding the impurity ions from <110> axis. 
For example, in the range within a depth 10 nm of a silicon 
surface 306, as complete shadow of a gate electrode 301 is 
formed, it is hard to receive damages of collision ions at the 
time of addition of ions. Since a punch through stopper is 
formed with such the structure, a region where carriers move 
preferentially (a channel forming region 106) and a region where 
a depletion layer is restricted (a punch through stopper 105) 
can be separated. That is, it is possible to reduce concentration 
of impurities included in the channel forming region (impurities 
of the same conductive type as in the punch through stopper) 
until 1/100 to 1/10 of concentration of impurities included in 
the punch through stopper. 
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[0 0 0 3] 

l«£*<^SfT] MOSFETfi. h«JE(Ci oT, 
> • *7M§H" -So 
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[0 0 13] ftiS-CJi/O^-X^-^. h -j /*-<Dj&J&m 

* *«xt'&**aajirt-* ZLx^mm * y 

[0 0 14] irCS^ ^^t)^!^/^^ 

sctlt ^ - v m-x.*>-t^&mz&-3^x^ < # 

%?&mLxi>5E&iz®m-*>timb%^o 
[0015] tfc m2<Dfflm*Mi' i )3ym*.*izfj 
h&tixz, ®m.xT **)v* matt & zffi-n ypmo 4 * 
yj>*9%ox Li 7 &x&Zo 

[0016] muzixttmsJtyimiu&fttziBc 40 
xmzxmizmmfrimbio vt<>x. t^y*™-* 

: m.-ru-7-r<o\><D7—n> m) ^ 

[0 0 17] is'Jzy&mzMLXMl.frbmuZi-LZ 
¥7 LXk ^77^)^7- n><DMfrtfis ') n y 

mw&mzm^xn n a bp*,, ti& 
[0018] &±.\z*Ltzm£m&fev>^i\^mo<n 50 



#P»3¥ 1 1 -2 3 3 76 9 
4 

©ftT£v»ofcffMB*«>*:<!>1-o 
[0 0 19] J£l±<0til»r, /n->^^.^-X h 

[0020] *m%m±&±.n&L%mm&zm&x%2 
m \z<&f- * * ^Mmzttwi L 9 2> M 0 S F E T «r»«i- 

[0 0 2 1] 

[HH*»*i-4fc*o¥l6l *^l&0^li, ->«j3>ag 
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S7n 7 7^ ***** oT-C* *) , - 
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>«is£3 0 2, 3 0 3 
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[0 0 5 3] Ztz, V-X/KW >^i*i:l±fte>ftv> 
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»4 L < lil/100 fiLT) T-ab-So 
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1 0 6) k^M^m-thW^L (s*>*Xtl>-x h v 

0 5) ki:nnMiZ'frt&.1-2>z\*ktfX'£2> 0 
[0 0 5 6] A>fX*-Ah7^-^ 

momBttn xio'*-3 xio xs r-^oxt^-^^^MJfSL 

ffimzft&fttmsilkmtl X 10' 7 atoms/cm 3 JilT 
(*S!B<I(CI±1 X10 ,6 ~ 5 X10 1 6 atoms/cm 3 ) k-tZZ. 

<7)1/100 ~l/10{c4T-fiit^itTV^ o 
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[0 0 7 5] ^Hi!il0iJT-li, -<^->-r >7'9>^-->3 
30 >mzX <0 IX 10' 8 atoms/cm 3 i*4«(r 

pgp1-a e 4£, t£A**X{iPH 3 , JOilSElilOkeV 
, K-Xgl± IXIO' 3 atoms/cm 2 t1--S, 0 (05 
(A) ) 

[0 0 7 6] ? f>(C % v 'J 3 >atfEK*t LTJf l?Sitt{C 
.-Kn > ^j^p t , mz P f - * * ;tMMO SFETOLD 
D^i: LT«MM-«TI«1M(* 4 14, 415 S-Jgfig; 
1"4o ^<7)*l^^«v^^^fM1--5Cfc^4Lv^ 

<EI5 (B) ) 

[0 0 7 7] 12 5 (B) (DtmW&hiXtzh, %\zmt 

40 mmm mm^t?) amtx^y^y^i^K v 

0*^*-^4 16, 4 17S:Mt4o «25 
(C) ) 

[0 0 7 8] ^U, SO-'P^ir^^MMOS FETfc* 
hW&kVV* Y-?X?4 1 8T*SV\ St^^ 1X10 20 
atoms/cm 3 OiftKfi&anl - 4 o LTV-^HJ*4 1 
9, >«*4 2 O^JSSit, -^-f K^*-;t4 

1 6 <OTtC 14 L D 4 2 1 A s ff£l&£ it-& 0 (m 6 
(A) ) 

[0 0 7 9] *43, V-^/KU-f >**Sr1giai-4» 
50 ^-fi->^7>f-/3>fc ^XvK-f/^ 
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[0 0 8 0] ttz. ^UN^-V^^MMOSFET^ 
WliSil'vX rWX? 4 2 2tHv\ **n>£ IX 
10 20 atoms/cm 3 ^ii£J£-t-73sflQ-r&o :HtKI/0| 
Jg4 2 3, 2 4WtfL2iU V4 K**- 

;W4 1 7<DTUI4LDD$S*£4 2 S^lSSiiSo (13 
6 (B) ) 

[0 0 8 1] BI6 (B) eVBWthiitzh. mtmi 
U— 9*-HJ:*T--/Uj631Srffv\ SUM LfcTOftftO 10 

[0 0 8 2] V-X/ K W >®mr>T^\tim~T 
h'U4>WtS.VY4 hWmnSMl-l- *>'>')*}■ 4 K 

14 2 6 &&&t& 0 mo&.mi&zm^tz&mi' 

W4 YtlB&thZb fe"C#-6o vU^M KJIHSA 

L/wf^, ^?>sii4i&s-t&o 

[0 0 8 3] JINttiltMU 2 7«U 

? h*-;HrP^(tTV-XSg4 2 8, 4 2 9, 20 

>mm4 3 o^fM-r^o «ffi^«i*jc**fk* 

[0 0 8 4] J^OflMrlDltKioT, 126 (C) fc* 
-T«^CM0S[5Ii^^#4^i:^T'^^ o iOCMOS 
IUg&l4Nf-^*;HL Pft ^;vffl<75MMOSFET(z 

[0085] cfgj&ei 3 ] *nmm-?u, Y4 h w.mz 

^■W0II(COV>Tlil 7 Zm^XUW-f&o 30 
[0 0 8 6] EI 7 KJS^T, 7 0 Ot5 5 ->'; 7 
0 l li«KV-*«»toWBJ(tSft*W* (B+Tiiv- 
X®J*tffi©i--&) , 7 0 2 l±m(C FW/HWfi 
Soffit (HfTNiKW^fcaifclBRi-*) 

tot, ^(Cliv';n>^£±(--7Y-^K^b 

[0 0 8 7] I©«S-ey'J3>ilS7 0 0K**LT 
< 1 1 0 > Ul^fojTi^'f * W >-/<7>7— s s 3>t:J: 

•? * > *8arai-*o ^il^J-eteil-jjDtfx t l 

TBF 2 *fflv\ Jna*ElOkeV » K-X£ 3 xiO 1 3 at 40 
oms/cm 2 b~f2> 0 
[0 0 8 8] z\n LXl&iS'Zix&'ty+xn'-x h 
- 7 0 3 ^M^itK^ tT- * llri* 1 X 10' 8 atoms/cm 3 b 

0<9ilffi^<b-3;£30~100 nm««&HrtTi|B10~2&imOaj 

[0 0 8 9] Sfc, ^ya^&BfifcUfMM-*-?-** 
MBMftt 7 0 4 14, f - * * U > WWMK 4o"C-f 

ttm>4*><DmBii>£MmBL (XI******) b 50 



ftfflW- 1 1 -2 3 3 7 6 9 
12 

[0 0 9 0] w«x»£**afc«oi*tWix >y 
omrnzmm Lx?Fmd4 * > taanrf* fc*, -> v = 

lco^trat-C-ab'&o 

[0091] ($tfem ) *ntet«i-c<±, 
£imQ-f&Wi&<7)mz'o^xm8$:m^xm.w-rz>o m 

81C45HT, 8 0 0liv'J3Vifi, 8 0U4f&JCV- 

4) , 8 0 2 li&IC K W > W$tf)*%t$L Zit&WA (W 
+'CliVl'4 >«MbK$KtZ) , 8 0 3l±r^fm® 

[0092] mmmixitm3^Ltzm^4 hw.m 

if}1&Ltz*mX"J?%: <bi>2 XfaV < 1 1 0 > 

^ma4*>*mavx\,*z,o LfrLZtfh, *$mm 

[0 0 9 3] **M^-Cli«KV 
ixjt/<>^-x;u-X f y/<- 8 0 4 14® 8 iZTFrrmZW 

ifcQW*WLZtiz>o mm. ^^^^eSt^Wcs o si4hk 

6<)Ic/n-v^-x;u-x h y/N'-8 0 4il4^-g|$tt, 
mZlil24;<Diimn-f2>ZbtfX&2>o 

[0094] *nmm<vm%Mj8.b-tz>b, -*ms4* 

mfrhmU-?Z>b'*> J ?-X»'-X h V*-8 0 AbYV 
4>m&8 0 2 i:^i-4^h^v»<7)T*«#**S:[* 

[0 0 9 5] £<bU, V-^iiS8 0 1 t«L^>f 
x;W-X h ys*-8 0 4 (4, f"**;H£j£®*£8 0 5 b 
VV4>ffl&8 0 2 h-f^Xttc 

«t o i:/:je?l* v - xig«^i s i # th-tm^wtz 

■fr* -5>o -<o^(4^{cn-^^ *;u§!MO S F 

10 0 9 6] mm 5 ) ^^n^(4^*o i ctm& 
m~mm-fi>z\ bt*aimx'&z>oW*>. 

LX^Z>-kX<D¥&fc%iW. <MOSFET^as D c nt LX 

rJHMwmj ti4, #fl«?-*f»t^ft < , 

[0 0 9 7] 7>f--y/±tC*«ft$a^R I 
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ymm&frbmt&m (tmmm. phs, t/^j^ 

[0 0 9 8] @9tC^-r<7)i±, ^D7'n-fey9-<7)— 

IK RAMI 2> *ny?n> 1 3, ^f; 
yay^'J- 1 4, tt7ya3> 1 5, v'J 

7;H/'^-7i-X16, I/O**- h 1 l^frhm 
«?iU 0 10 
[0 0 9 9] @9t^i-7^^nyn-fe-7-9-i±|S 

[0 100] L*U ^*«r«fiB*r*i-4T'f 
Dtyf?*oTtit«i LT«Sg1"SW{±I C (Inte 
grated Circuit) 1 8 IC 1 8 l±¥*ti*f- 9 7 

[0 10 1] -rLt, -eo^ig^ -y 7" 1 9JilCffM? 
ftfe*Wk@tt*^i-4 0***B[|SWOflla6*r*i-4 20 
MOSFET20 (N-7^*;VM) > 21 (P-f-^^/u 
SO -C**o «*MiS:llHHiCMOSEItt*r«/h 
J^-fiii: L T«g£i" Set TflHMKJ SrPPx. 4 3 t &X # 
4 = 

[0 10 2] itz. XmtmiZmLtz-?* ?u7u*y 

\s*.-?%¥ismfbtl2>o 30 
[0 10 3] SfeK, aMi»W«:fyfflUfcMOSFET 

S^E LSE^i6«*O«S0fe*SI«*: t^SSi" * - t 



( 8 ) ftm¥ 1 1 -2 3 3 7 6 9 
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[0 10 4] 

*&$ LtzT * ^»XMftfi»HU*tt t>n4, 
[0 10 5] -5-^*, ft^ + *^a**iqi«li-*i:IPI 
ISKTOMWHSLK J: & * >«8RRCT* If' ; 7- 4 <Df£T£ 

t-4fipofcMO S F E T £$mt Slt^tiS., 
[0 10 6] -fit, *SB6^*f(lfflLfcMOSFET 

fflUMOSFETIi, <em&.lfi®lzmMLX^Z>i£X 

«OJ«4fi6ffc> «ffi«tt^*:im LtSo 
[EM^rW&lfcfS] 

[0 1 ] 2fcPH^OMO S F E TtSiifcl&SJH- 4 
[H2] 



[H3] 
[@4] 

do 

[EI5] 

Bo 

[@6] 
Bo 
[127] 
[B8] 
[19] 



*mme>uo s f e T<off«mB*^i- 

*B»"!W)MO S F E TOf*«HSSr^-t 
*8GS"J"|OMO S F E TOf¥«ISS:^ 



[02] 







KH>« 








^ LDD^t203 p- 
A*>Hfr-lM*-2Q5 



301 




306 

302 304 305 303 



(9) 



1 1 -2 3 3 7 6 9 





401 : P&mm&m>&& 402 :PS$x/w 403iu&<5i>i> 404 : n-H'Wt<t& 
405:«Kktt 40$. 407 :y< h«tt 408: u^* 
409 : TtttttiS* 410. 411 : ^**Stt{?*<»LDD$H*) 



(A) 



(B) 



3 



(C) 



(1 0) 
l®5] 



mmW-l 1 -2 3 3 7 6 9 



n J 


5^ 




<11Q> v ___ ^ <110> 

) r 


— 5 * > 

* 412 413 cs 



a 



414 



415 



.417 









=n 


S 3 






s s 



412: 413, 414:**flfcS* 

414. 415 ! *^WUtt*>LDD&tt> 416, 417 I IK K?*-* 



[06] 



I 1 i 

r>r^ 


HI 


\ 1 J 

r— r-T 




* j A —J— — 

419 421 420 418 y 




418 : US?* h^*? 419 : v-xfB* 420: KWMW 42i:LDDfS* 
422: Ui/X 423: KKXW 424 : V-XOB* 425:LDDt»* 

426: *V1f-f KJi 427:«ffH&SH 428, 429: 430 : KK>«8 



(1 1) 

[H9] 



ftfflW- 1 1 -2 3 3 76 9 




